Abstract. The objectives of this study were to describe the nature and distribution of microscopic lung lesions in feedlot cattle with interstitial pneumonia and to determine whether bovine respiratory syncytial virus (BRSV) antigen was present in affected lungs. Lungs with macroscopic lesions compatible with interstitial pneumonia were collected from cattle from 5 west-central Saskatchewan feedlots that had been on feed for greater than 60 days at the time of death. Interstitial pneumonia was most consistently present in dorsal portions of caudal lung lobes and in 21/28 cases (75%) had a multifocal to coalescing distribution. All 28 lungs exhibited hyaline membrane formation and some degree of type II alveolar epithelial cell hyperplasia, consistent with an acute to subacute duration. Twenty-one of 28 cases (75%) had concurrent bronchopneumonia in at least 1 lung lobe; bronchopneumonia was grossly evident in 9/28 cases (32%). Chronic bronchitis or bronchiolitis was present in at least 1 section in 12/28 (43%) of the lungs, and 25/28 (89%) had at least 1 focus of bronchiolitis fibrosa obliterans. Bronchopneumonia and bronchiolitis fibrosa obliterans were markedly less common in 10 sets of bovine lungs obtained from an abattoir. Bovine respiratory syncytial virus antigen was demonstrated using immunohistochemistry in 2/28 cases and was associated with bronchiolar epithelial necrosis that was more severe than the bronchiolar lesions in the BRSV antigen-negative cases. Interstitial pneumonia in feedlot cattle in this study was more frequently associated with suppurative bronchopneumonia and bronchiolitis fibrosa obliterans than with BRSV infection.
Interstitial pneumonia (IP) is a sporadic cause of death in feedlot cattle in North America. [24] [25] [26] The economic impact of this disease to the cattle feeding industry has not been defined; IP accounted for 5-8% of total feedlot deaths in 2 studies in the 1970s 24, 25 and for 45% of deaths due to respiratory disease in one feedlot in 1986. 15 A variety of terms have been applied to IP in cattle. Atypical interstitial pneumonia (AIP) was coined when it was recognized that bovine IP could have an acute, exudative phase as well as a subacute to chronic proliferative phase. 2, 16 Acute bovine pulmonary emphysema and edema (ABPEE), 5, 7, 13, 23, 31, 37 fog fever, 6 acute respiratory distress syndrome (ARDS), and AIP have been applied to the IP that results from excessive conversion of L-tryptophan to 3-methylindole (3-MI) by ruminal microbes when cattle on a poor plane of nutrition are abruptly given access to lush forage. 5, 7, 13, 23, 37 Conversion of circulating 3-MI to a pneumotoxic metabolite (3-methyleneindolenine) by cytochrome P450 enzymes in Clara cells and type II alveolar epithelial cells results in necrosis of bronchiolar and alveolar epithelium and subsequent IP. 3, 18, 21 This fairly predictable From the Departments of Veterinary Pathology (Sorden, Kerr) and Herd Medicine and Theriogenology (Janzen), Western College of Veterinary Medicine, University of Saskatchewan, Saskatoon, Saskatchewan, Canada.
Received for publication July 15, 1999. syndrome usually affects multiple animals and will be referred to as pasture-associated IP in this report, to distinguish it from feedlot IP, which occurs unpredictably, sporadically, is usually not associated with dietary change, and is of unknown causation. 24, 26 Bovine respiratory syncytial virus (BRSV) was demonstrated in 11/15 cases of feedlot IP in 1 previous report, 15 and others 20 have speculated that BRSV may play a role in feedlot ARDS. Previous reports of IP in feedlot cattle have not systematically characterized lesions in different regions of the lungs, and only one 15 assessed BRSV infection status. The objectives of the present study were to describe the nature and distribution of microscopic lung lesions in feedlot cattle with IP and to determine whether BRSV antigen was present in the affected lungs.
Materials and methods
Specimen collection. Tissues from cattle found dead in 5 west-central Saskatchewan feedlots were collected on site by ambulatory clinicians from the Department of Herd Medicine and Theriogenology, Western College of Veterinary Medicine (WCVM), for a 1-year period (July 1994-June 1995). Thoracic viscera and tracheas were collected from cattle that had been dead Ͻ24 hr, had been on feed for greater than 60 days, and in which the caudal lung lobes were noncollapsed and rubbery. Tissues from 41 such cases were submitted to the Department of Veterinary Pathology, WCVM, for further examination. Thoracic viscera from 1 additional steer submitted whole that fit these criteria were also included in the study.
Specimen processing. Submitted thoracic viscera and tracheas were examined by 1 of 2 pathologists (RWK or SDS) and macroscopic findings were recorded. For each case, a total of 8 blocks of lung tissue for histologic examination were obtained from standard sites in each of the following: both cranial lung lobes, the accessory lung lobe, the right middle lung lobe, and the dorsal and ventral portions of both caudal lung lobes. Samples were immersion fixed in 10% neutral buffered formalin and routinely processed. Paraffin sections were cut at 6 m and stained with hematoxylin and eosin. Lung tissue samples from 1 cranial and 1 caudal lobe of 41/42 lungs were submitted for bacterial culture (Department of Veterinary Microbiology, WCVM). Samples were cultured on sheep's blood agar, MacConkey agar, and cysteine-heart agar for 48 hr at 37 C under aerobic conditions. In 13 cases, 2 additional 1-cm 3 pieces of lung tissue from cranial and caudal lung lobes were stored at Ϫ70 C until indirect immunofluorescence assay of cryostat sections for bovine respiratory syncytial virus (BRSV) antigen was performed using monoclonal antibody 8G12 a and an antimouse secondary antibody (Department of Veterinary Microbiology, WCVM). Ten sets of macroscopically normal bovine lungs obtained from an abattoir were processed identically for histology and bacteriology and served as controls.
Histologic evaluation. A diagnosis of IP was made only if 1) alveolar septa were covered by hyaline membranes, i.e., bands or crescents of dense homogeneous eosinophilic material (exudative IP), or 2) alveolar septa were partially or entirely lined by type 2 alveolar epithelial cells (proliferative IP). Of the 42 sets of lungs submitted, histologic sections from 28 exhibited minimal to moderate autolysis and moderate to severe exudative and/or proliferative IP in at least 2 of the 8 sections examined for each case; these 28 cases of IP were included in the study. The presence/severity of IP and other lesions were subjectively scored independently by 2 of the authors (SDS and RWK) as none, mild, or moderate to severe.
Immunohistochemistry. For each of the 28 cases, immunoperoxidase staining for BRSV antigen was performed as described 22 on sections from the 4 blocks of lung tissue with the most severe lesions. In a few cases, additional sections exhibiting bronchiolar epithelial necrosis or containing multinucleate giant cells or syncytial cells were also stained for BRSV antigen. A polyclonal rabbit antiserum to the Long strain of human RSV absorbed with human and bovine plasma b served as the primary antibody. Primary antibody binding was detected with a biotinylated antirabbit secondary antibody followed by an avidin-biotin complex c detection system. For the 16/28 cases in which cells in 1 or more sections were labeled with the polyclonal antibody, serial sections were processed for immunoperoxidase staining using a monoclonal antibody cocktail (clones 8 and 16) d ; these monoclonals are directed against the 22 kD and fusion proteins of human RSV, respectively, and were diluted as described. 8 Monoclonal antibody binding was detected with a biotinylated horse antimurine IgG e as described. 22 
Results
Animals and treatment history. The 28 cattle with histologically confirmed IP ranged in age from 8 to 14 months; 15 were steers, 3 were heifers, and sex was not specified in 10 cases. Eight of the 28 cases had histories of dyspnea and had been treated with antibiotics between 1 hour and 4 days prior to death. Clinical signs had not been observed in the remaining 20 cattle. Twenty-four of the 28 cases (86%) occurred between November 1 and April 1.
Macroscopic lesions. Lungs were bilaterally noncollapsed, heavy, and exhibited varying degrees of interlobular edema and/or emphysema. In 21/28 cases, caudal lung lobes were characterized by multifocal to coalescing rubbery to firm red-brown areas interspersed with pale pink or tan (hyperinflated) areas, usually in a lobular distribution. This pattern was most apparent in the dorsal portions of the caudal lobes, on both pleural and cut surfaces, and extended deep into the parenchyma (Fig. 1) . Caudal lobes and contiguous portions of other lobes were diffusely red-brown and rubbery in 5/28 cases, and entire lungs were diffusely affected in 2/28 cases. In 9 cases, cranial lung lobes were dark red and consolidated, and white or yellow exudate could be expressed from small bronchi, consistent with suppurative bronchopneumonia (BP). Two cases exhibited locally extensive subacute to chronic fibrinous to fibrous pleuritis.
Microscopic lesions. Microscopic lesions are summarized in Table 1 . All 28 lungs had exudative IP in at least 2/8 sections. Exudative IP was characterized by the presence of intra-alveolar hyaline membranes as well as proteinaceous fluid, basophilic (chromatin) debris, and/or varying numbers of intraalveolar neutrophils, macrophages, and/or erythrocytes (Fig. 2) . Interalveolar septa were congested and edematous and infiltrated by varying numbers of neutrophils and mononuclear inflammatory cells. Dorsal portions of the caudal lobes were most consistently and severely affected (27/28 in the left caudal lobe and 28/28 in the right caudal lobe), but some degree of exudative IP was present in 24/28 (86%) of the cranial lung lobes as well. Interalveolar septa were partially or completely lined by type 2 alveolar epithelial cells (proliferative IP) in the dorsal portion of at least 1 caudal lung lobe in all 28 lungs (Fig. 3) . Moderate to severe lesions were more common in dorsal caudal lobes (Table 1) . Exudative and proliferative lesions were frequently both present in the same section. Three cases included sections in which interalveolar septa lined by type 2 alveolar epithelial cells were also thickened by collagen. When the predominant lesion (exudative ϭ acute, proliferative ϭ subacute, presence of interalveolar septal collagen ϭ chronic) in each section was considered, IP in 19/28 (68%) of the lungs was acute to subacute, in 6/28 (21%) was subacute, and in 2/28 (7%) was subacute to chronic. One case had acute, subacute, and chronic lesions in different regions of the lung. There was multifocal alveolar capillary thrombosis in sections from 2/28 cases; these sections were not counted as having IP, despite having other criteria for the diagnosis. Control (abattoir) lungs did not exhibit IP.
Suppurative BP was confirmed in the 9/28 cases with grossly evident cranioventral consolidation. Suppurative BP or bronchiolitis occurred most often in the right cranial, middle, and/or accessory lung lobes and was present in at least 1 section in 21/28 (75%) cases (Table 1) . Two of 8 sections exhibited BP in 9/28 (32%) cases, and 3 or more sections were involved in 9/28 (32%) cases. Bronchopneumonia was characterized by dense aggregates of neutrophils, varying numbers of macrophages and multinucleate giant cells, and varying amounts of cellular debris, fibrin, and proteinaceous fluid within bronchiolar lumens and adjacent alveolar spaces; interalveolar septa in these areas lacked the features of IP described above. Bronchopneumonia and IP were occasionally present within different areas in the same section (Fig. 4) . Suppurative bronchiolitis, characterized by suppurative exudate within bronchiolar lumens but not the adjacent alveolar spaces, occurred less frequently than BP. A diagnosis of suppurative bronchiolitis was not made when the adjacent parenchyma exhibited IP. One control lung had mild to moderate suppurative to pyogranulomatous BP in most sections, 2 control lungs had mild suppurative BP in the accessory lobe only, and the remaining 7 control lungs lacked BP.
Bronchiolar epithelial lesions varied greatly among the 28 cases. Mild multifocal bronchiolar epithelial necrosis/attenuation was common in foci of BP and was also present within foci of IP or nonlesional parenchyma in at least 1 section in 25/28 cases (89%). Mild bronchiolar epithelial necrosis unassociated with BP was observed in all areas of the lung (Table 1) . Moderate to severe bronchiolar epithelial necrosis within nonbronchopneumonic parenchyma occurred in only 2/28 cases; in one of these, bronchiolar epithelial syncytial cells were common. Both of these cases were positive for BRSV antigen (see below). Bronchiolar epithelial hyperplasia/metaplasia, characterized by replacement of epithelium of large and medium-sized bronchioles by stratified cuboidal epithelium (Fig. 5) , occurred in nonbronchopneumonic parenchyma in at least one section in 12/28 cases (Table 1) . Bronchial epithelium was generally unremarkable. Neither bron- and occurred most often in the right cranial, middle, accessory, and left cranial lung lobes (Table 1) . Bronchiolitis fibrosa obliterans was most frequently characterized by total obstruction of bronchiolar lumens by polypoid masses of fibrovascular connective tissue infiltrated by numerous mononuclear inflammatory cells. Walls of affected bronchioles were usually thickened by fibrous connective tissue and infiltrated by mononuclear inflammatory cells. Of the 28 cases of IP, 9 had at least 1 section with mild bronchiolitis fibrosa obliterans (32%) and 16 had at least 1 section with moderate to severe bronchiolitis fibrosa obliterans (57%). Of the 10 control lungs, 4 had at least 1 section with mild, apparently longstanding (collagenous polyps of low cellularity) bronchiolitis fibrosa obliterans (40%), and none were graded as moderate to severe.
Chronic bronchitis or bronchiolitis, characterized by peribronchiolar/peribronchial fibrosis and lymphoid hyperplasia (Fig. 5 ), was present in at least 1 section in 12/28 (43%) of the lungs (Table 1) . Affected airways were associated with BP in at least 1 section in 9/12 (75%) cases.
Bacterial culture. Pathogenic bacteria were isolated from 9/27 lungs. Pasteurella multocida was the most frequent isolate (Table 2 ). All lungs from which pathogenic bacteria were recovered contained histologic lesions of BP. Pathogenic bacteria were not isolated from recently treated cattle (Table 2) . Seven of the 8 recently treated cattle had BP in at least 1 lung lobe. Pathogenic bacteria were not isolated from control lungs.
Detection of BRSV antigen. Bovine respiratory syncytial virus antigen was demonstrated in 2/28 cases of IP using both the polyclonal and monoclonal antibodies. Antigen was also detected by direct immunofluorescence on tissue from 1 of these 2 cases; frozen tissue from the other case was not available for examination. Although weak positive immunohistochemical staining of small numbers of bronchiolar epithelial cells or alveolar macrophages was evident in 14/28 cases using the polyclonal antiserum, adjacent sections treated with the monoclonal antibody cocktail were uniformly negative. Twelve of the 26 cases that were negative by immunohistochemistry were also examined by direct immunofluorescence, and this technique also failed to detect BRSV antigen. In 1 of the 2 BRSV antigen-positive cases, moderate to severe bronchiolar epithelial necrosis was present in all regions of the lung, but moderate to severe IP was only present in the dorsal and ventral right caudal lung lobe; BRSV antigen was limited to the bronchiolar epithelium in this case. In the other case, moderate to severe IP was present in all regions of the lung, but dorsal portions of both caudal lung lobes lacked bronchiolar epithelial necrosis. In the latter case, BRSV antigen-positive cells were present in bronchiolar and alveolar epithelium and in alveolar spaces.
Discussion
Interstitial pneumonia results from diffuse or patchy damage to alveolar septa and involves an acute exudative phase, followed by a proliferative, subacute phase. 18 In the acute phase, damage to type I alveolar epithelial cells and/or capillary endothelium results in congestion and edema of alveolar septa and allows leakage of plasma into alveoli. Condensation of the resulting fibrin, serum protein, and cellular debris produces the characteristic hyaline membranes that line alveoli. If the host survives the initial insult, proliferation of type II alveolar epithelial cells occurs in areas in which the epithelial basement membrane is still intact. Interstitial pneumonia typically has a caudal-dorsal to diffuse distribution within the lung. The reason for the caudal-dorsal predilection is uncertain. 18 A variety of infectious and toxic agents may induce IP in cattle consistent with the lesions described in the present study, including BRSV, 9,28 larvae of Dictyocaulus viviparous 4 or Ascaris suum, 18 L-tryptophan from lush pasture grasses, 13,23,37 4-ipomeanol from moldy sweet potatoes, 17, 29, 32 perilla ketone from purple mint, 27 and undefined toxins in Brassica spp. 39 Milk allergy in dairy cattle has also been associated with IP. 11 With the exception of BRSV, none of these are considered likely causes of the sporadic cases of IP that occur in feedlot cattle on grain/silage-based diets. 26 Nematode larvae were not observed in any of the cases in this study and would not be expected to cause significant morbidity in cattle without access to pasture or swine feces. Hypersensitivity pneumonitis (extrinsic allergic alveolitis or farmer's lung), a type IV hypersensitivity reaction to mold or thermophilic actinomycetes such as Micropolyspora faenii in feedstuffs, is characterized by lymphoplasmacytic to granulomatous IP that is distinct from the exudative and proliferative IP observed in the present study. 5 The character and distribution of the IP in the cattle in this study was generally consistent with previous reports of IP in feedlot cattle. 15, 16, 24, 25 It has been proposed that the predominantly multifocal pattern observed in this study and others distinguishes feedlot IP from pasture-associated IP and suggests a different pathogenesis, i.e., progressive spread of a multifocal disease process, rather than the simultaneous diffuse alveolar damage that a hematogenous toxin such as 3-MI might be expected to induce. 35 However, pastureassociated IP in cattle may have a diffuse 13, 35 or irregular 2,6,18,31 distribution, and experimental administration of 3-MI has been reported to induce both multifocal 12 and diffuse 35, 36 lesions. Differences in distribution and severity of lesions resulting from alveolar injury may reflect differences in frequency, duration, and severity of the insult rather than differences in pathogenesis.
A variety of bronchiolar lesions were identified in this study: epithelial necrosis/attenuation, epithelial hyperplasia, and bronchiolitis fibrosa obliterans, representing acute, subacute, and chronic responses to bronchiolar epithelial injury, respectively. Bronchiolar epithelial necrosis/attenuation has been previously noted in lungs of feedlot cattle with IP. 16, 25 Both viruses, such as BRSV, 9 and pneumotoxins, such as 3-MI 12 and 4-ipomeanol, 29 induce bronchiolar epithelial necrosis in cattle. Bronchiolar epithelial necrosis in areas of suppurative BP was ignored in this study since suppurative exudate may induce epithelial damage. 18 Epithelial necrosis occurred predominantly in terminal bronchioles and was usually mild; moderate to severe bronchiolar epithelial necrosis was associated with IP only in the 2/28 cases that were positive for BRSV antigen. Airway epithelial hyperplasia occurred in all regions of the lung and has not previously been described as a feature of feedlot IP, although it has been demonstrated in a photomicrograph. 15 Bronchiolitis fibrosa obliterans, which may develop as soon as 7-10 days following an episode of severe bronchiolar damage, 18 was a frequent finding (89%) in lungs with IP, as has been noted by others. 15, 24, 25, 35 The predominantly cranioventral distribution of moderate to severe bronchiolitis fibrosa obliterans (Table 1) may reflect viral or bacterial causation or the greater tendency for exudate to persist in cranioventral lung. 18 Neither epithelial attenuation, epithelial hyperplasia, nor moderate to severe bronchiolitis fibrosa obliterans were present in control lungs. Whether these lesions resulted from epithelial injury induced by different agents or multiple encounters with the same agent over a period of at least 7 days is uncertain. Since 4-6 days are required for alveoli to become entirely lined by type II alveolar epithelial cells 18 (proliferative IP), the same agent may be responsible for both lesions.
Concurrent BP was reported in 96% of the cases in one previous survey of IP in feedlot cattle 24 but was not a consistent finding in others. 15, 16, 25 One report associated chronic BP with IP in 3-6-month-old dairy calves but not in feedlot cattle. 16 The duration of the BP lesions in the present survey is uncertain; neither parenchymal fibrosis nor bronchiectasis were identified in any lung. Based strictly on histologic criteria, over half of the cases of BP in this series were acute, thus providing little support for the hypothesis that preexisting BP predisposes cattle to the development of IP. The observation that suppurative BP was more common and severe in cases of IP than in lungs randomly obtained from healthy cattle at slaughter may instead indicate that IP predisposes cattle to the development of BP.
Bovine respiratory syncytial virus infection was demonstrated in only 2/28 cases, and both of those exhibited bronchiolar epithelial necrosis that was significantly more severe than that observed in the other cases. Severe IP is often reported in animals dying in respiratory disease outbreaks associated with BRSV infection, 1, 14, 19, 28 although this has infrequently been reproduced experimentally. 10, 40 In one report, 15 BRSV was detected in 11/15 cases of IP in a single feedlot over a 3-month period, predominantly using immunohistochemistry. Speculation that BRSV is a significant cause of feedlot IP 15, 20 was not supported by findings in this series of cases in Saskatchewan. An immunohistochemical study of cases of feedlot IP in Alberta yielded similar negative results (J. Ellis, personal communication). The possibility that viral clearance had occurred prior to death in some of these cases cannot be excluded. The sporadic incidence of feedlot IP also argues against a significant role for an infectious agent. 38 Interstitial pneumonia in feedlot cattle is likely a common response to multiple, different initiating agents that vary among individuals, feedlots, or geographic regions. A role for 3-MI has been discounted in feedlot IP primarily because this sporadic disease is not associated with dietary change and because, in contrast to pasture-associated IP, 34 incorporation of ionophores into the diet is not protective. 24 However, recent evidence suggests 3-MI may play a role in some cases. In southern Alberta, feedlot IP occurs much more frequently in heifers fed melengestrol acetate, a synthetic progestin used to suppress estrus, than in steers. 33 In a recent study in ewes, melengestrol acetate treatment was associated with a more rapid onset of 3-MI-induced IP and higher levels of pulmonary 3-MI adducts than controls. 33 The investigators speculated that melengestrol may increase the production of 3-MI-derived pneumotoxins by altering levels of prostaglandin H synthetase or cytochrome P450 enzymes. 33 Although both sexes were approximately equally represented in this study, some other factor might increase the susceptibility of an individual animal to pulmonary damage mediated by a baseline intraruminal level of 3-MI 23 that is innocuous to the majority of its penmates. Preexisting pulmonary inflammation may be one such factor, and the possibility that inflammation predisposes cattle to the development of 3-MI-mediated IP has certainly not been ruled out in this study. Of the 7 cases of IP that lacked BP, 1 was BRSV antigen positive, 1 had severe chronic pleuritis, and 1 had chronic bronchiolitis in 7/8 sections. Several cytokines expected to be present at sites of inflammation have been shown to upregulate expression of some cytochrome P450 isoforms. 30 The possibility that cytokine-induced upregulation of pulmonary cytochrome P450 makes cattle with subclinical pulmonary inflammation more susceptible to a given level of circulating 3-MI merits exploration.
